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Small and large wetland fragments are equally suited breeding
sites for a ground-nesting passerine
Abstract
Large habitat fragments are generally thought to host more species and to offer more diverse and/or
better quality habitats than small fragments. However, the importance of small fragments for population
dynamics in general and for reproductive performance in particular is highly controversial. Using an
information-theoretic approach, we examined reproductive performance and probability of local
recruitment of color-banded reed buntings Emberiza schoeniclus in relation to the size of 18 wetland
fragments in northeastern Switzerland over 4 years. We also investigated if reproductive performance
and recruitment probability were density-dependent. None of the four measures of reproductive
performance (laying date, nest failure probability, fledgling production per territory, fledgling condition)
nor recruitment probability were found to be related to wetland fragment size. In terms of fledgling
production, however, fragment size interacted with year, indicating that small fragments were better
reproductive grounds in some years than large fragments. Reproductive performance and recruitment
probability were not density-dependent. Our results suggest that small fragments are equally suited as
breeding grounds for the reed bunting as large fragments and should therefore be managed to provide a
habitat for this and other specialists occurring in the same habitat. Moreover, large fragments may
represent sinks in specific years because a substantial percentage of all breeding pairs in our study area
breed in large fragments, and reproductive failure in these fragments due to the regularly occurring
floods may have a much stronger impact on regional population dynamics than comparable events in
small fragments.
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Abstract   Large habitat fragments are generally thought to host more species and to offer 21 
more diverse and/or better-quality habitats than small fragments. Yet, the importance of small 22 
fragments for population dynamics in general and for reproductive performance in particular 23 
is highly controversial. Using an information-theoretic approach, we examined reproductive 24 
performance and probability of local recruitment of color-banded reed buntings Emberiza 25 
schoeniclus in relation to the size of 18 wetland fragments in northeastern Switzerland over 26 
four years. Additionally, we investigated if reproductive performance and recruitment 27 
probability were density-dependent. Neither of four measures of reproductive performance 28 
(laying date, nest failure probability, fledgling production per territory, fledgling condition) 29 
nor recruitment probability was related to wetland fragment size. Regarding fledgling 30 
production, however, fragment size interacted with year, indicating that small fragments were 31 
better reproductive grounds in some years than large fragments. Reproductive performance 32 
and recruitment probability were not density-dependent. Our results suggest that small 33 
fragments are equally suited as breeding grounds for the reed bunting as large fragments and 34 
should therefore be managed to provide habitat for this and other specialists occurring in the 35 
same habitat. Moreover, large fragments may represent sinks in specific years, because a 36 
substantial percentage of all breeding pairs in our study area breed in large fragments, and 37 
reproductive failure in these fragments due to the regularly occurring floods may have a much 38 
stronger impact on regional population dynamics than comparable events in small fragments.  39 
  40 
Keywords   Fragmentation; avian reproductive performance; recruitment probability; 41 
spatially structured populations; AIC. 42 
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Introduction 43 
Large habitat fragments are generally considered to be superior habitats for many plant 44 
and animal species compared to small fragments. Recent reviews suggest that large fragments 45 
may host more species, offer more diverse habitats, higher-quality interior habitats and 46 
relatively less edge-habitat than small fragments (Harrison and Bruna 1999; Debinski and 47 
Holt 2000; Laurance et al. 2002; Fahrig 2003). However, these reviews also pointed out that 48 
responses of species and communities to habitat loss and fragmentation are highly variable 49 
and not necessarily negative. Similarly, Fischer and Lindenmayer (2002) showed that small 50 
fragments (< 1ha) may be valuable as well, because such fragments hosted considerable 51 
numbers of bird species, and the vast majority of species were not confined to large fragments 52 
(up to 98 ha).  53 
While small fragments can have positive effects on species richness, their role in the 54 
dynamics of populations is controversial. For example, reproductive performance of plant and 55 
animal species has often been found to be lower in small than large fragments (Burke and Nol 56 
2000; Luck 2003; Diaz et al. 2005; Kolb 2005), but the generality of this finding is far from 57 
clear (Wolff et al. 1997; Nour et al. 1998; Tewksbury et al. 1998; Zanette 2000; Brooker and 58 
Brooker 2001; Cooper et al. 2002). The relation between fragment size and reproductive 59 
performance may be community-specific, that is, whether or not reproduction is affected by 60 
fragment size may depend on the habitats and species involved. So far, most studies 61 
examining relations between fragment size and reproduction in birds have been conducted in 62 
forested or agricultural habitats. Other fragmented habitats, as for example wetlands, have 63 
received comparatively little attention. This is surprising, given that wetlands throughout the 64 
world have been destroyed on a large scale, resulting in a highly fragmented distribution of 65 
the remaining wetland habitats (e.g. Hanski 2005). Whether patterns reported from forest 66 
fragments also apply to wetland fragments is unclear. 67 
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Here we present data from a 4-year study on reed buntings Emberiza schoeniclus 68 
(Linnaeus, 1758) conducted in 18 wetland fragments of variable size in the Swiss lowlands. 69 
Specifically, we examined whether reproductive performance, measured through laying date, 70 
probability of nest failure, fledgling production and condition as well as recruitment 71 
probability of locally born individuals, was related to fragment size. We further explored if 72 
reproductive performance and recruitment probability were related to local population 73 
density, given the striking importance of density dependence for demographic traits and 74 
population regulation in a variety of taxa (e.g. Sibly et al. 2005). In addition, the relations of 75 
reproductive performance or recruitment probability with fragment size and population 76 
density, respectively, have seldom been jointly addressed. The reed bunting is ideally suited 77 
for such a study because in Switzerland, this species is confined to wetlands with old reed 78 
Phragmites sp., and such wetlands show a highly fragmented distribution owing to severe 79 
habitat destruction over the past two centuries. Because nest predation rates are negatively 80 
associated with the distance of a nest to the reed edge (Pasinelli and Schiegg 2006) and small 81 
fragments contain smaller patches with relatively more edge habitat than large fragments 82 
(unpublished data, G. Pasinelli), we expected reproductive performance and recruitment 83 
probability of reed buntings to be higher in large than in small fragments. In addition, we 84 
expected reproductive performance and recruitment probability to decline with increasing 85 
local population density, a pattern commonly observed in many animal populations (e.g. 86 
Newton 1998). Knowledge about the importance of small versus large wetland fragments can 87 
help conservation agencies guide their management actions in times of limited funding. 88 
 89 
Methods 90 
Study species 91 
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The reed bunting is a socially, but not genetically monogamous (Dixon et al. 1994), 92 
ground-nesting passerine with a transpalearctic distribution. Individuals from Central Europe 93 
are migratory and overwinter mostly in S and SE France (Glutz von Blotzheim and Bauer 94 
1997). Large-scale population density averages 8–10 breeding pairs per 10 ha in continuous 95 
wetlands, but may be much lower in fragmented landscapes, depending on the distribution 96 
and the size of wetlands (Glutz von Blotzheim and Bauer 1997). The presence of old reed 97 
Phragmites sp. is the most important cue for territory establishment when males return from 98 
the wintering grounds (Surmacki 2004). If old reed habitat is missing, reed buntings will not 99 
settle and the respective wetland will remain unoccupied throughout the breeding season 100 
(personal observations). Reed buntings defend nesting territories, which may range in size 101 
from 96–7500 m2. Nests are usually placed in tussocks, heaps of old grass or under broken, 102 
horizontal old reed stems within old reed habitat, but as the breeding season progresses, nests 103 
are also placed along ditches or in sedge meadows adjacent to old reed patches (35% of 104 
totally 416 nests in this study). In Central Europe, up to five breeding attempts per season can 105 
be observed, but more than two successful nests are rare. Clutch size ranges from 2–6 eggs 106 
and generally declines with season. Nesting success is highly variable and is strongly affected 107 
by both predation and the occurrence of floods (all details from Glutz von Blotzheim and 108 
Bauer 1997). Foraging takes place in wetland vegetation outside nest territories, i.e. in 109 
undefended areas adjacent to the territory. Radio-tracking revealed that reed buntings do not 110 
leave wetlands while foraging, a result independent of wetland fragment size (Silvestri 2006).  111 
 112 
Study fragments 113 
From 2002–2005, we recorded reproductive performance of reed buntings in 21 wetland 114 
nature reserves scattered over an area of 200 km2 in southeastern Canton Zurich, Switzerland. 115 
These 21 nature reserves represent all the fragments potentially suitable for reed buntings in 116 
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the 200 km2 area. All fragments are mown in autumn to prevent overgrowth with reed. Only 117 
small bands of reed along water bodies as well as a few distinct reed patches are spared from 118 
the annual cut in both the large and small fragments (see below), while large patches of old 119 
reed habitat away from the lakefront are missing. The landscape surrounding the fragments is 120 
very similar and mostly consists of agricultural lands. 121 
We excluded two fragments, which remained unoccupied in all the study years due to 122 
almost complete lack of old reed habitat, and another one with only one breeding attempt in 123 
the four years, resulting in data from 18 fragments. The fragments ranged in size from 1.9–124 
247.2 ha (median 10.5 ha, interquartile range 4.2–16.7 ha) and the size of patches consisting 125 
of old reed (≥ 1-year old) within fragments varied between 0–2.58 ha (see S1 in Electronic 126 
Supplementary Material). In the three largest fragments, 20–60 pairs of reed buntings bred 127 
annually (Orniplan, unpublished report, and G. Pasinelli, unpublished data), but it would not 128 
have been feasible to monitor all these pairs. Therefore, in each of the three large fragments, 129 
we monitored reproductive performance of at least 10 breeding pairs annually in an area of 130 
old reed along the lakefront randomly selected at the beginning of the study in 2002. The 131 
same old reed areas were monitored in all years. Note that these areas of old reed along the 132 
lakes are considered to be the optimal habitat for reed buntings by providing suitable nest 133 
sites and relatively dense cover through sedges and reed stems (Glutz von Blotzheim and 134 
Bauer 1997). In the other 15 fragments, all breeding pairs present were annually monitored, 135 
with number of breeding pairs ranging from 0 to 5. Number of breeding pairs was highly 136 
correlated to the area of old reed (Pearson correlation r > 0.75 in each year, n = 18).  137 
 138 
Field procedures 139 
From mid March to early August 2002–2005, each study fragment was visited at least 140 
twice per week by two observers. We located nests by standing on ladders and observing 141 
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females building the nest, leaving the nest and returning to it during incubation or when the 142 
parents were feeding the young. Of 416 nests, 91.3% (378) were found in the egg stage. The 143 
number of eggs and/or nestlings was recorded at each visit, with intervals between subsequent 144 
nest checks being 2–4 days. If hatch date was not known exactly, nestling age was determined 145 
based on the stage of feather growth following Blümel (1995). The young were banded 146 
between nestling day 6 and 9, with each nestling obtaining an individual combination of one 147 
aluminum and three color rings. Nests were considered successful when at least one nestling 148 
reached banding age. When ringing the young we measured the following morphological 149 
traits of each nestling: length of right tarsus (to the nearest 0.01 mm), body mass (0.25 g), and 150 
length of right wing (0.5 mm). Given that partial brood loss is rare in the nestling stage (18 of 151 
296 nests, unpublished data, G. Pasinelli), we considered the number of nestlings banded as 152 
equal to the number of fledglings. Since the young fledge after day 9 (Glutz von Blotzheim 153 
and Bauer 1997), nests were not checked after young had been banded to avoid premature 154 
fledging. After fledging or nest loss, nest locations were recorded using hand held GPS 155 
(Garmin GPS-12XL with RXMAR Decoder, Trimble GeoExplorer 3, Leica GS50). Precision 156 
of GPS locations after differential correction was ≤ 2 m. 157 
Adults were caught with mist nets using playback tapes (males) or at the nest when 158 
feeding the young (males and females). After capture, birds were individually banded with 159 
one aluminum and three color rings, and standard morphological measurements were taken. 160 
Over 90% of the study population was color-banded in all study years. 161 
From May to July 2003–2006, we systematically searched for banded birds outside the 162 
monitored old reed areas of the three large fragments and opportunistically in wetlands 163 
outside of our 200-km2-study area. We focused our search for banded reed buntings on 164 
wetlands, because the species does not use habitats other than wetlands during breeding time 165 
in the Canton Zurich. The period between May and July corresponds to the breeding season of 166 
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the reed bunting in our study area; individuals observed during that time are considered 167 
territorial breeding birds. Non-breeding territorial individuals were extremely rare 168 
(unpublished data, G. Pasinelli). 169 
 170 
Measures of reproductive performance 171 
Laying date 172 
We considered laying date of first broods only, because onset of subsequent clutches 173 
largely depends on whether the first nest has been successful or not. Laying date was 174 
determined either by backdating from the hatching date based on clutch size and an average 175 
incubation time of 13 days, or, when a clutch was incomplete and found completed on a 176 
subsequent visit, calculated based on the final clutch size and the fact that one egg per day is 177 
laid (Blümel 1995). We excluded clutches, which failed before hatching, if they were seen 178 
only once in the egg stage or were found complete (seen at least twice in the egg stage). 179 
 180 
Probability of nest failure 181 
Nest failure included nests lost due to predators and due to other reasons (flooding, 182 
etc.). Although we were primarily interested in overall nest failure probability in relation to 183 
fragment size and local density, we also analyzed nest failure probability due to predation 184 
alone. We used Mayfield logistic regression to model probability of nest failure and predation, 185 
respectively (Hazler 2004). A detailed description and application of this method is given in 186 
Pasinelli and Schiegg (2006). Mayfield logistic regression assumes probability of nest failure 187 
to be constant over time (Hazler 2004). We therefore tested whether probability of nest failure 188 
was related to nest stage (categorical variable: egg or nestling stage), year (categorical 189 
variable: 2002–2005), and breeding attempt (categorical variable: 1–5). The latter variable 190 
was included because probability of nest failure may change over the breeding season. We 191 
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included a repeated term to account for more than one observation of the same nest (i.e. a nest 192 
failed in the nestling stage appears as successful in the egg stage, successful nests appear as 193 
not failed in both stages). We found that only nest stage significantly influenced probability of 194 
nest failure (F = 6.4, P < 0.02, n = 657), with nests being more likely to fail in the egg than in 195 
the nestling stage. Hence, subsequent analyses of the effect of fragment size on probability of 196 
nest failure were performed for the egg and nestling stage separately. 197 
We have previously shown that nest success is influenced by nest habitat quality 198 
(Pasinelli and Schiegg 2006). Differences in nest habitat quality across sites may thus impair 199 
our ability to find relationships between nest success, fragment size and/or local density. We 200 
therefore first tested whether nest habitat quality depended on fragment size using linear 201 
mixed models (Proc Mixed in SAS Institute 2002-2003), which included as random factors 202 
both fragment identity and territory identity nested within fragments to account for multiple 203 
observations from each fragment (i.e. territories) and territory (i.e. nests), respectively. The 204 
dependent variables reflecting nest habitat quality were nest height above ground, vegetation 205 
height above the nest, vegetation cover around the nest, and the distance of a nest to the water 206 
edge (for descriptions of these variables see Pasinelli and Schiegg 2006). The independent 207 
variable was log10-transformed fragment size. None of the nest habitat quality variables was 208 
related to fragment size (all P values > 0.12), and we thus did not include habitat quality 209 
variables in our analyses of nest failure probability. 210 
 211 
Number of fledglings 212 
We calculated the total number of fledglings produced per territory per year. In these 213 
analyses, we only included territories, from which the total number of fledglings produced 214 
was exactly known (201 out of 219 territories). 215 
 216 
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Fledgling body condition 217 
Body mass, tarsus length and wing length of fledglings were highly correlated (r > 0.72, 218 
P < 0.001, n = 755 in all cases). The three morphological variables were therefore subjected 219 
to a factor analysis (Proc Factor, SAS Institute 2002-2003), which reduced them to one factor 220 
explaining 84.1% of the variation in the morphological variables. Factor loadings were larger 221 
than 0.89 for each variable. We were interested in body condition of the smallest fledgling per 222 
brood (hereafter termed “poorest fledgling”) and in mean fledgling body condition per brood, 223 
respectively. Because fledglings from different nests had been banded, for example, during 224 
different daytime and by different persons, we accounted for potential bias arising through 225 
these and other factors by means of regression analyses. For the poorest fledging (n = 174), 226 
body condition was expressed as the residuals of a multiple regression of factor scores on age 227 
at ringing (Proc Mixed, SAS Institute 2002-2003, Fage = 205.4, d.f. = 1, P < 0.001), number of 228 
siblings (Fsibs = 14.7, d.f. = 1, P < 0.001), breeding attempt (Fatt = 4.9, d.f. = 1, P < 0.03), 229 
daytime of ringing (Ftime = 5.5, d.f. = 1, P < 0.020) and the person measuring the fledglings 230 
(hereafter “observer”, Fobs = 3.7, d.f. = 6, P < 0.002). Similarly, the average factor scores per 231 
brood (n = 186) were regressed on age at ringing (Fage = 192.6, d.f. = 1, P < 0.001), daytime 232 
of ringing (Ftime = 14.0, d.f. = 1, P < 0.001) and observer (Fobs = 1.9, d.f. = 6, P < 0.087), with 233 
the resulting residuals used as a measure of mean fledgling body condition per brood (number 234 
of siblings and nesting attempt were not significantly related to average factor scores per 235 
brood). Broods with only one nestling surviving to ringing age were excluded in analyses 236 
involving body condition of the poorest fledgling, but they were included in analyses of mean 237 
fledgling body condition per brood. Therefore, sample sizes vary in the respective analyses. 238 
 239 
Recruitment probability 240 
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Recruits were defined as individuals that were born and banded in our study area and re-241 
sighted during a subsequent breeding season. Of 56 recruits, 60.7% were found within the 242 
intensively monitored fragments and old reed areas (see above), 39.3% outside of them (i.e. in 243 
the not intensively monitored wetland parts of the three large fragments) and none outside the 244 
200-km2-study area. Because only four out of 219 territories produced more than one recruit 245 
per year, each territory was annually classified as either producing a recruit or not. Since 246 
territories with many fledglings may be more likely to produce a recruit than territories with 247 
one or only a few fledglings, we included the number of fledglings produced per territory per 248 
year as a continuous covariate in all analyses focusing on recruitment probability (i.e. whether 249 
or not a territory produced a recruit). This enabled us to examine the influence of fragment 250 
size and local density on recruitment probability, while simultaneously accounting for 251 
differences in fledgling numbers.  252 
 253 
Local population density 254 
As a measure of local population density, we calculated for each territory the number of 255 
reed bunting territories within 100 m of the center of the focal territory. Territory centers were 256 
defined as the geometric mean of all nests produced per territory per season. We used this 257 
measure of local density because it reflects the influence of the neighborhood on a focal 258 
territory. In a study on reed buntings, Bouwman (2005) showed that most extra-pair 259 
fertilizations were from males residing within the next two territories of a focal female, which 260 
translated into a distance of about 100 m. Density estimates based on number of breeding 261 
pairs per 10 ha were not used, because this measure does not reflect small-scale variation in 262 
densities experienced by individual territories, but rather assumes that all breeding pairs are 263 
exposed to the same average density. Across all years and fragments, local density ranged 264 
from 0–7 territories per 100 m circle (n = 256). Considering fragments with at least one 265 
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breeding pair annually, average local density was positively correlated to fragment size in 266 
2003 (Spearman’s Rs = 0.58, p = 0.024, n = 15) and 2004 (Rs = 0.60, p = 0.032, n = 13), but 267 
not in 2002 (Rs = 0.40, p = 0.124, n = 16) and 2005 (Rs = 0.43, p = 0.129, n = 14). 268 
 269 
Model structure and selection 270 
Our base model, against which the performance of all the other models was compared, 271 
included the intercept term and the categorical variable year. As covariate we added to the 272 
base model number of fledglings produced per territory per year in the analysis of recruitment 273 
probability (see above). For each measure of reproductive performance and for recruitment 274 
probability we then added log10-transformed fragment size, local density (both as continuous 275 
variables) and the interactions of these two variables with year to the base model. We further 276 
examined models containing fragment size and local density jointly, with and without the 277 
interactions of fragment size and local density, respectively, with year (see S2).  278 
Probability of nest failure and recruitment were analyzed using generalized linear mixed 279 
models with logit link and assuming binomial error distribution (Proc Glimmix, SAS Institute 280 
2002-2003). All the other reproductive measures were analyzed with linear mixed models 281 
(Proc Mixed, SAS Institute 2002-2003). To account for several observations (i.e. territories) 282 
from each fragment, fragment identity was always included as random factor. Except for the 283 
analyses of laying date, fledgling production and recruitment probability, territory identity 284 
was nested within fragments and defined as a further random factor to account for more than 285 
one observation (i.e. nest) from each territory (Singer 1998). Parameter estimates were 286 
obtained using maximum likelihood (SAS Institute 2002-2003). The data set included broods 287 
of the same individuals from different years. We treated these data as independent because 288 
breeding partners and sometimes also territory locations changed between years. Model fit 289 
was explored with residual analyses. 290 
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We assessed the relative performance of the models for each reproductive trait 291 
separately with Akaike’s information criterion corrected for small sample sizes (AICc, 292 
Burnham and Anderson 2002). AICc values were manually calculated based on log-likelihood 293 
values derived from SAS. The model with the lowest AICc value represents the best 294 
compromise between overfitting because of too many parameters and model bias because of 295 
too few parameters (Burnham and Anderson 2002). We additionally calculated Akaike model 296 
weights, which denote the likelihood that a particular model is the most reasonable one among 297 
the set of models evaluated. Weights of selected models sum up to 1 by definition and higher 298 
weights denote better explanatory power. To account for model selection uncertainty, 299 
parameter estimates and associated standard errors (SE) were averaged over the set of 300 
candidate models for each dependent variable, by multiplying with the weight of the 301 
particular model and summing over the entire set of models that contained the particular 302 
parameter (Burnham and Anderson 2002). 303 
 304 
Results 305 
Laying date 306 
Laying date of first eggs of first clutches ranged from April 18 to May 25 (S3). The 307 
base model including the intercept and the categorical variable year was best supported by the 308 
data (Table 1). Models including fragment size and/or local density received less support than 309 
the base model. Further, model-averaged parameter estimates for fragment size and local 310 
density were (considerably) smaller than their associated SEs (Table 2), suggesting that 311 
neither variable explained variation in laying date of first eggs of first clutches (Fig. 1 & 2). 312 
 313 
Probability of nest failure 314 
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Across years, probability of nest failure was 50.2% for a clutch of five eggs (S3), the 315 
most common clutch size, from day of the first egg until young were eight days old (reached 316 
banding age). Model selection revealed that in the egg stage, the base model ranked highest, 317 
while models containing either fragment size or density were less than half as well supported 318 
by the data based on Akaike weights (Table 1). Model-averaged parameter estimates for 319 
fragment size and local density were small (Table 2). In the nestling stage, the model 320 
including fragment size was equally well supported as the base model (Table 1), but the small 321 
difference (0.02) in the log-likelihood values between the two highest-ranking models 322 
suggests that the inclusion of fragment size did not substantially improve model performance 323 
(Burnham and Anderson 2002). Moreover, the model-averaged parameter estimate for 324 
fragment size was smaller than the associated SE (Table 2). Models with local density had 325 
generally less support than the base model. In summary, there was little evidence for effects 326 
of fragment size or local density on nest failure probability in either stage (Fig. 1 & 2). 327 
The same picture emerged when nest failure probability due to predation alone was 328 
examined. In the egg stage, the best-supported model was the base model, with all other 329 
models having ΔAICc to this model larger than 2. In the nestling stage, the model including 330 
fragment size ranked highest, but ΔAICc to the base model was only 1.5, and the model-331 
averaged parameter estimate for fragment size was smaller than the associated SE (-332 
0.43±0.46, n = 248 nests), indicating little influence of fragment size on nest predation 333 
probability.  334 
 335 
Number of fledglings 336 
Overall numbers of fledglings produced per territory per year ranged from 0 to 12 and 337 
averaged 3.65 fledglings (SD = 2.85, n = 201 territories). Variation in total number of 338 
fledglings produced per territory per year was best explained by a model that included 339 
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fragment size and its interaction with year (Table 1), indicating that the relation between 340 
number of fledgings and fragment size varied among years. In particular, 2004 appeared to 341 
have been an exceptional year, given the low numbers of fledglings produced in large 342 
fragments in that year, while in other years no relations between fledgling numbers and 343 
fragment size were evident (Fig. 3, Table 2). Nevertheless, ΔAICc to the second best model, 344 
which was the base model, was only 0.4. Local density, on the other hand, did not appear to 345 
influence fledgling production.  346 
 347 
Fledgling body condition 348 
We found no evidence for fragment size and local density to influence either body 349 
condition of the poorest fledgling or mean fledgling body condition per brood (Table 2, Fig. 1 350 
& 2). In both cases, the base models were clearly ranked highest (Table 1). 351 
 352 
Recruitment probability 353 
Over the four years of study, an average (± SD) of 21.3 % (±18.2, n = 220) of the 354 
territories produced one or more recruits (S3). Models including either fragment size or local 355 
density were less well supported by the data than the base model (Table 1). That is, neither 356 
fragment size (Fig. 1) nor local density (Fig. 2) appeared to substantially influence 357 
recruitment probability, which is corroborated by the small model-averaged parameter 358 
estimates relative to the associated SEs (Table 2). 359 
 360 
Discussion 361 
Fragment size 362 
In many bird species, an early onset of breeding has been shown to result in increased 363 
reproductive output (Verhulst et al. 1995; Schiegg et al. 2002; Müller et al. 2005). Further, 364 
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individuals generally breed earlier in high-quality than low-quality habitats (Brodmann et al. 365 
1997; Aho et al. 1999). Accordingly, if large fragments are better habitats than small ones, 366 
birds should start to breed earlier in the former than the latter. Some studies have confirmed 367 
this pattern (e.g. Huhta and Jokimaki 2001; Loman 2003) , while others did not (e.g. 368 
Matthysen and Adriaensen 1998). In our study, laying dates of reed buntings were not related 369 
to fragment size, suggesting that large fragments were not perceived as better habitats than 370 
small ones.  371 
Differences in nest success in relation to fragment size have been reported, but there is 372 
no consistent pattern. Some studies confirmed the generally expected negative relationships 373 
between fragment size and nest failure rate/nest predation (Møller 1991; Donovan et al. 1995; 374 
Hoover et al. 1995; Burke and Nol 2000; Luck 2003; Horn et al. 2005). Others, however, 375 
either detected no difference (Tewksbury et al. 1998; Friesen et al. 1999; Huhta and Jokimaki 376 
2001; Mazgajski and Rejt 2006; Cooper et al. 2002) or even positive associations (Zanette 377 
2000; Brooker and Brooker 2001). In our study, overall nest failure rates and nest loss rates 378 
due to predation alone, respectively, were not related to fragment size either in the egg stage 379 
or in the nestling stage. This result is surprising because we had previously shown that nests 380 
located in small old reed patches within wetland fragments were more likely to be predated 381 
than nests located in large patches (Pasinelli and Schiegg 2006), and old reed area was 382 
positively related to wetland fragment size (see Methods). On the other hand, Pasinelli and 383 
Schiegg (2006) also failed to find effects at the scale of fragments, which is consistent with 384 
the findings reported here. It thus seems that nest failure in our study system is primarily 385 
mediated through effects acting at the scale of old reed patches within fragments (Pasinelli 386 
and Schiegg 2006) rather than at the scale of wetland fragments (this study). 387 
Compared to small ones, large fragments have been shown to be associated with 388 
increased fledgling production (Møller 1991; Porneluzi et al. 1993; Donovan et al. 1995; 389 
Gelöscht: (e.g. Huhta and 
Jokimaki 2001)
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Powell and Collier 1998; Luck 2003; Mazgajski and Rejt 2006) or fledgling mass (Burke and 390 
Nol 2000; Zanette et al. 2000; Loman 2003). On the other hand, increased reproductive 391 
success in small than large fragments has been reported by Smith et al. (1996), Zanette (2001) 392 
and Brooker and Brooker (2001). Finally, no relationships between fragment size and either 393 
fledging success or fledgling weight were found by Tjernberg et al. (1993), Matthysen and 394 
Adriaensen (1998), Nour et al. (1998), Huhta and Jokimaki (2001) and Cooper et al. (2002). 395 
Our results are in line with the latter studies: fragment size alone did not explain much 396 
variation in either fledgling numbers or quality, but there was evidence for a fragment size by 397 
year interaction on fledgling numbers. Specifically, more fledglings per territory were 398 
produced in small than large fragments in the year 2004, but not in the other three years. The 399 
same was true in terms of absolute number of fledglings produced in 2004: 72 fledglings 400 
originated from the small fragments (n = 15 territories), but only 51 fledglings from the three 401 
large fragments (n = 23). That fledgling production was so low in large fragments in 2004 402 
may be related to the strong rainfall in June 2004, causing water levels of lakes in the three 403 
large fragments to increase by up to 0.5 m above normal levels. These high water levels 404 
extended several hundred meters inland and also destroyed nests of reed buntings outside old 405 
reed habitats. The flood was much less dramatic in small fragments, perhaps because only 406 
three fragments border a lake or large pond, and water receded much faster than in large 407 
fragments. 408 
Quality of fledglings was not associated with fragment size. This may be explained by 409 
the lack of a relation between fragment size and arthropod biomass per unit area (Silvestri 410 
2006), suggesting large fragments were not more profitable feeding grounds than small 411 
fragments. Similarly, Møller (1991) did not find differences in food availability between 412 
small and large fragments. In contrast, Burke and Nol (1998) and Zanette et al. (2000) found 413 
food supply to be reduced in small compared to large fragments. 414 
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The relation between recruitment probability and fragment size is not well understood 415 
in birds, because studies simultaneously examining reproduction and recruitment of marked 416 
individuals over several fragments and years are rare. In fact, the only study found was the 417 
one by Matthysen and Adriaensen (1998), who reported no relation between recruitment 418 
probability and forest fragment size. Here, territories in large fragments were not more likely 419 
to produce recruits than territories in small fragments and vice versa. Further, relative to the 420 
numbers of fledglings produced, the combined number of recruits from the three large 421 
fragments (Greifensee, Lützelsee, Pfäffikersee, S1; 41 recruits out of 292 fledglings) was not 422 
significantly different than the combined number of recruits from all the small fragments (15 423 
recruits out of 164 fledglings; Yates-corrected χ2 = 1.9, d.f. = 1, P = 0.168). Together, these 424 
findings again suggest that small fragments are valuable breeding sites for reed buntings, 425 
because they appear to equally contribute individuals to other fragments. 426 
That we did not find improvements of reproductive performance and recruitment 427 
probability with wetland fragment size could be due to small fragments offering higher-428 
quality habitats than large fragments, thereby offsetting negative effects generally associated 429 
with small fragments. However, we consider this an unlikely explanation for the lacking 430 
relationships observed here. First, large fragments are generally assumed to offer higher-431 
quality habitats than small fragments, because large fragments have maintained larger 432 
continuous tracts of the original habitat and thus suffer less from edge effects and other 433 
adverse influences of the matrix than small fragments. Second, in our study system, there 434 
were no relations between either wetland fragment size and arthropod diversity or arthropod 435 
biomass nor between reproductive success of reed buntings and arthropod biomass (Silvestri 436 
2006). Moreover, home ranges of reed buntings did not differ in small and large fragments 437 
(O. Rickenbach unpublished data). Finally, we found no significant relationships between 438 
fragment size and factors previously shown to affect nest success in the reed bunting 439 
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(Pasinelli and Schiegg 2006), which likely reflect nest habitat quality (see Methods). 440 
Collectively, these findings suggest that habitat quality in terms of food availability and nest 441 
site characteristics did not differ among our study fragments. 442 
Effects of the matrix on processes in fragments have been documented in recent years 443 
(e.g. Ricketts 2001; Debinski 2006). We did not include composition of the landscape 444 
surrounding the fragments into our analyses, because agricultural lands consisting mostly of 445 
intensively used meadows, cow pastures and crops (mostly corn) surrounded all fragments to 446 
similar extents. Such habitats lack the prey species favored by the reed bunting. Furthermore, 447 
no effects of landscape composition on reed bunting reproduction in one of the four years 448 
were found (Bachmann 2005). Finally, radio-tracked reed buntings did not leave the wetlands 449 
in search for food (Silvestri 2006). These findings as well as our results suggest that matrix 450 
effects on reproduction were unlikely in the studied wetlands. 451 
Because sample sizes from small fragments were low, our analyses may lack the power 452 
to detect relationships between fragment size and reproductive performance. However, 453 
analyzing the data with small and large fragments pooled into two categories (small versus 454 
large) corroborated the findings presented here (data not shown), suggesting that a lack of 455 
power may not be of concern. Furthermore, low sample sizes are an unavoidable consequence 456 
when studying systems mainly consisting of small fragments and local populations.  457 
 458 
Local density 459 
Although several studies have examined the relation between fragment size and 460 
reproductive performance, the effect of population density on reproduction has rarely been 461 
assessed simultaneously with fragment size. This is surprising, because population density has 462 
been shown to influence different components of avian reproductive performance in various 463 
ways (e.g. Newton 1998). The commonly expected decrease of reproductive performance 464 
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with increasing density has not always been confirmed, however. For example, in terms of 465 
laying date, several studies failed to find effects of density on laying date (Wiktander et al. 466 
2001; Arriero et al. 2006; Smith et al. 2006). On the other hand, the evidence for negative 467 
density-dependent nest success (Newton 1998; Müller et al. 2005) and fledgling production 468 
(Poysa and Pesonen 2003; Smith et al. 2006; Mallord et al. 2007) is strong, but again, these 469 
relations were not always found (Stenning et al. 1988; Vickery et al. 1992; Both and Visser 470 
2003). Finally, density-dependent recruitment appears to be common in many bird species 471 
(Newton 1998). 472 
We found no evidence for density-dependent reproductive performance or recruitment 473 
probability. The relation between density and reproduction may depend on the territorial 474 
system of a species and the resources defended (Both and Visser 2003): species having large, 475 
contiguous territories and competing mainly for food (a divisible resource) should show 476 
density-dependent reproduction, while in species with small territories, that only defend nest 477 
sites (a non divisible resource), reproduction should mostly be density-independent. Our 478 
findings are in line with the latter prediction, because reed buntings defend small nest 479 
territories, but forage in non-defended areas outside their nest territories. 480 
Alternatively, our measure of local density may not have accurately captured possible 481 
effects of density, which may explain why we failed to find density-dependent reproduction. 482 
We believe, though, that the measure of local density used here better reflects intraspecific 483 
influences than the commonly used density estimate of number of breeding pairs in relation to 484 
the size of the study area. First, nest territories of reed buntings in our study fragments are 485 
often linearly arranged in areas of old reed, which border lakes or ponds, and the influence of 486 
birds from distantly located territories on a given territory is questionable. Secondly, although 487 
old reed area is important for reed buntings, when they settle in early spring (Glutz von 488 
Blotzheim and Bauer 1997; Surmacki 2004), it is not clear what an adequate representation of 489 
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‘area’ would be to use as denominator, because the birds also need unknown amounts of 490 
space outside old reed areas to forage. Using extent of old reed as a representative of ‘area’ 491 
can lead to unrealistically high densities, particularly in small wetland fragments, which only 492 
have very small old reed areas left. 493 
 494 
Conservation implications 495 
Reproductive performance and recruitment probability of reed buntings were not related 496 
to wetland fragment size, indicating that large and small fragments are equally suited as 497 
breeding grounds for this habitat specialist and should thus be managed to provide habitat for 498 
reed buntings, which may also be beneficial to other species dependent on old reed areas. 499 
Large fragments are important components of the reed bunting population network simply 500 
because of the large absolute numbers of breeding pairs. In turn, because a substantial 501 
percentage of all reed bunting pairs in our study area breed in large wetland fragments, 502 
reproductive failure in these fragments due to flooding may have a much stronger impact on 503 
regional population dynamics than comparable events in small fragments, and large fragments 504 
may act as sinks in flood years. Small fragments may thus buffer negative effects of temporal 505 
variation in habitat conditions and so increase the persistence of spatially structured systems. 506 
Finally, global change models generally predict increasingly wet winter/springs in 507 
temperate regions of the planet (Watkinson et al. 2004), which may lead to more numerous 508 
and perhaps more severe floods during the reproductive period in the future than in the past. 509 
The importance of small fragments may therefore even increase in the future, if large and 510 
small fragments continue to be differently affected by floods. 511 
 512 
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Table 1 Results of model selection by reproductive trait. Models with ΔAICc < 2 compared to best model (with smallest AICc) are shown (for 665 
all candidate models examined, see S2) and are ranked by decreasing Akaike weight per trait. * indicates base models, whose factors and 666 
covariates are included in all models of the respective reproductive trait. Year = study year (categorical), density = local population density, 667 
fragment size = log10-transformed size of the study fragments (see S1), laying date = laying date of first egg of first clutch, K = number of 668 
parameters in model including the intercept, fixed and random effects, and error term (in linear mixed models only), LogL = maximum log-669 
likelihood estimate from SAS, AICc = AIC value corrected for small sample size, ΔAICc = difference in AICc to the best model, weight = 670 
Akaike weight, indicates support of a model relative to the other models considered per reproductive trait. 671 
Reproductive trait Models K LogL AICc ΔAICc Weight
Laying date (n = 120) *Intercept, year 6 -411.7 836.1 0 0.387
 Density 7 -410.9 836.7 0.7 0.279
Nest failure in egg stage (n = 416) *Intercept, year 6 -404.4 821.0 0.0 0.366
 Fragment size 7 -404.2 822.7 1.7 0.158
 Fragment size, fragment size x year 10 -401.1 822.8 1.8 0.148
 Density 7 -404.3 822.8 1.9 0.145
Nest failure in nestling stage (n = 262) *Intercept, year 6 -164.4 341.1 0.0 0.245
 Fragment size 7 -163.3 341.1 0.0 0.244
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 Density 7 -163.5 341.5 0.4 0.197
 Fragment size, fragment size x year 10 -160.9 342.6 1.6 0.112
 Fragment size, density 8 -163.1 342.9 1.8 0.101
Fledglings produced per terr. (n = 201) Fragment size, fragment size x year 10 -491.9 1005.0 0.0 0.344
 *Intercept, year 6 -496.5 1005.4 0.4 0.279
Condition poorest fledgling (n = 174) *Intercept, year 7 -165.2 345.0 0.0 0.483
 Density 8 -165.1 347.0 1.9 0.183
Mean fledgling condition (n = 186) *Intercept, year 7 -139.8 294.2 0.0 0.519
Recruitment probability (n = 220) *Intercept, year, number fledglings 6 -93.3 199.0 0 0.313
 Fragment size, fragment size x year 10 -89.3 199.7 0.7 0.217
 Fragment size 7 -92.8 200.1 1.2 0.176
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Table 2 Model-averaged parameter estimates (± SE) of variables in models per reproductive trait shown in Table 1. Omitted are parameter 675 
estimates and SEs for the categorical variable year included in all models and for the variable number of fledglings produced per territory per 676 
year included in the recruitment probability model. For sample sizes see Table 1. 677 
 Reproductive performance traits 
  Nest failure probability  Fledgling condition  
Source Laying date Egg stage Nestl. stage Nb. fledglings Poorest Mean Recruit. prob.
Fragment size 0.27±0.77 -0.08±0.20 -0.23±0.34 0.34±0.56 0.00±0.01 0.00±0.01 0.27±0.42
Fragment size x Year2002 -0.06±0.34 0.00±0.11 0.09±0.23 -0.15±0.46 0.00±0.01 0.00±0.01 0.19±0.42
Fragment size x Year2003 -0.61±1.17 0.04±0.15 0.05±0.17 -0.05±0.37 0.00±0.01 0.00±0.00 -0.07±0.29
Fragment size x Year2004 -0.13±0.47 0.13±0.26 0.25±0.46 -0.94±1.32 0.01±0.02 0.00±0.01 -0.47±0.79
Density 0.20±0.33 -0.02±0.05 -0.03±0.07 0.01±0.05 0.00±0.01 0.00±0.01 -0.02±0.06
Density x Year2002 -0.02±0.05 0.01±0.04 0.03±0.07 0.03±0.06 0.00±0.01 0.00±0.00 -0.01±0.03
Density x Year2003 0.03±0.08 0.01±0.04 -0.02±0.05 0.03±0.07 0.00±0.01 0.00±0.00 -0.03±0.06
Density x Year2004 -0.02±0.06 0.04±0.07 -0.03±0.07 -0.04±0.09 0.01±0.02 0.00±0.00 0.00±0.02
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Figure legends 678 
 679 
Fig. 1 Relations between fragment size and reproductive traits. Shown are means and SEs 680 
calculated per fragment size over all years. Fragment size is log10 of ha-values. Nest failure 681 
and recruitment probability plots show predicted values from logistic regressions with year 682 
and log10 fragment size as independent variables, all other plots show raw data. Laying date = 683 
julian laying date of first eggs of first clutches; recruitment probability = probability that a 684 
territory produced a recruit; see Methods for definitions of other variables. For sample sizes 685 
see S4. 686 
 687 
Fig. 2 Relations between local density and reproductive traits. Shown are means and SEs 688 
calculated per local density over all years. Local density is number of reed bunting territories 689 
within 100 m of the center of the focal territory. Nest failure and recruitment probability plots 690 
show predicted values from logistic regressions with year and local density as independent 691 
variables, all other plots show raw data. Laying date = julian laying date of first eggs of first 692 
clutches; recruitment probability = probability that a territory produced a recruit; see Methods 693 
for definitions of other variables. For sample sizes see S4. 694 
 695 
Fig. 3 Fledglings produced per territory and year in relation to fragment size and local 696 
density. Shown are annual means and SEs calculated per fragment size and local density, 697 
respectively. Fragment size is log10 of ha-values, local density is number of reed bunting 698 
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